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ENERGY CRISIS AND FOOD CRISIS:
OF U.S. AGRICULTURE

THE ROLE

by
Dan Dvoskin and Earl 0. Heady
The Center for Agricultural and
. Rural Development
Iowa State University, Ames, Iowa

Abstract
An interregional linear programming model of U.S. agricultural
production is used to analyze the economic ramifications of high
energy prices and high agricultural exports by 1985. The study
explains some of the changes that can be expected to take place if
energy prices were to reach a level twice as high as 1974 energy
prices.
It also examines the response of agriculture to increased
agricultural exports and the role of agriculture in the U.S.
foreign trade.
1.

1971 to 1975 the yearly value of all ag

INTRODUCTION

ricultural exports increased by more than

Since 1972 the world economy has faced

$14 billion [5].

two severe shocks, in food production and
in petroleum.

however, the yearly value of energy im

Because both commodities

ports has increased by almost $23 billion

are basic to the economic well being of

[8 ].

every country, shortages and dramatic

Undoubtedly, agricultural exports

have been a major factor offsetting the

price increases for both energy and food

drain of U.S. dollars and reducing the

have had serious impacts on the world
economy.

Over the same period,

deficit in the U.S. balance of payments

In the last four years, U.S.

(Figure 1).

agriculture has experienced increased de

The reasons for the sharp increase in ag

mand for its products while energy and
other input prices have been on the rise.

ricultural exports can be traced to ad

However, further increase in input prices

verse weather conditions in some of the

might effect the production capacity of

major grain producing countries, espe

U.S. agriculture as farmers reduce the

cially the Soviet Union; improved stan

use of energy and other energy-derived

dards of living by the industrial and

inputs in order to reduce their produc

the developing countries; and devaluation

tion costs.

of the dollar.

In contrast, the world

petroleum crisis was brought about by a

In addition to its role as the world's

joint action of the Organization of Pe

largest food supplier, U.S. agriculture

troleum Exporting Countries

has had a major part in offsetting the

(OPEC) which

raised energy prices unilaterally.

large U.S. deficit in the balance of pay
ments caused by the sharp increases in

Changes in U.S. agricultural exports and

petroleum prices during 1973-1974.

energy imports are presented in Table 1.

From
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Source: U.S. Department of Agriculture [5],
^Source:

1.

U.S. Department of Commerce [7,8],

For example, by 1974 the total quan

Table 1.

tity of grain and soybeans exported in
creased by 50 percent, and the value of

Percentage changes in grain9
and soybean exports vs. per
centage changes in petroleum
imports 1965-1975

exports increased by 203 percent over the
base year, 1970.

On the other hand, pe

Year

troleum imports by 1974 were 78 percent

Grain and
Soybean Exports Petroleum
Quantity
Value Quantity

above 1970 but the value of imported pe

(1970=100)

troleum had risen by 728 percent from
1970.

Imports
Value

19 65
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975

Hence, 90 percent of the increased

costs of petroleum imports from 1970 to
1974 were due to higher oil prices and
not to larger oil imports.
2.1 PURPOSE OF THE STUDY
The purpose of this study is to evaluate
the possible long run impacts on U.S. ag
riculture, assuming agriculture as well

90.32
101.73
89.07
88.06
77.72

85.81
94.79
87.89
85.80
81.77

72.20
75.24
74.20
83.25
92.55

72.25
73.58
73.13
82.21
90.89

1 0 0 . 0 0

1 0 0 . 0 0

1 0 0 . 0 0

1 0 0 . 0 0

92.14
121.13
178.82
150.17
161.36

105.98
129.51
243.56
303.06
301.61

114.74
139.02
182.93
178.04
211.78

120.85
156.11
265.91
828.04
861.32

aIncludes feed grains and wheat.

as other segments of the economy might
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have to face much higher energy prices in

corn silage, sorghum silage, wheat, soy

the future.

beans, cotton, sugar beets, oats, barley,

The study examines the im

pacts of higher agricultural exports when

legume and nonlegume hay.

accompanied by high energy prices.

production and regional distribution of

The

purpose of this paper is not only to
outline the changes but also to quantify

The projected

all other crops and livestock are exoge
nously determined.

possible responses of U.S. agriculture to

All alternatives refer to 1985 and assume

high energy prices and high agricultural

a U.S. population of 232.2 million.

exports.

Cost

of production, transportation, and other
2.

THE MODEL

inputs are in terms of 1972 prices.

How

The interregional linear programming mod

ever, energy prices have been adjusted to

el used in this study has been developed

reflect the relative larger changes in

under a grant from the National Science

energy prices between 1972 and 1974 over

Foundation (NSF) to the Center for Agri

other agricultural inputs.

cultural and Rural Development (CARD).*

Two levels of agricultural exports in 1985

The model is based on 105 producing areas

are utilized in the study (Table 2).

and 28 market regions.

export

It assumes com

Both

levels are derived from the OBERS

petitive equilibrium and minimizes the

E '** projections [9].

total cost of crop production, transporta

ports" which are somewhat lower than 1975

tion, and the cost of various inputs such

exports are used in the analysis of the

as fertilizer, energy, water, and land.

base run (Model A) and high energy price

The "normal ex

The minimization procedure is subject to

alternative (Model B).

a set of linear restraints corresponding

ports" assume that by 1985 U.S. agricul

to the availability of land, water, fer

tural exports would not continue to expand

tilizer, and energy supplies by regions,

at the rate observed in the last four

production requirements by location, the

years.

nature of crop production, and a final

flects the belief that current high exports

set controlling domestic and foreign com

are transitory rather than permenant in

modity demands.
in the model.

nature, and are basically due to adverse

There are 880 restraints

The "normal ex

This assumption, basically, re

weather conditions.

On the other hand,

the "high exports," utilized in the high

Activities in the model simulate crop ro
tations, water transfer and distribution,

export alternative (Model C), reflect the

commodity transportation, chemical nitro

belief that exports of U.S. agricultural

gen supplies, manure nitrogen supplies,

commodities by 1985 would be even higher

and energy supplies.

than recent export levels. The assump
tion of further increases in agricultural

There are 10,700

activities in the model.

Endogenous crop

exports is based on the belief that much

activities are corn grain, sorghum grain,

*For a complete description of the model and other energy issues
see "U.S. Agricultural Production Under Limited Energy Supplies,
High Energy Prices, and Expanding Exports." CARD Report 69 [2],
**0BERS projections of Economic activities in the United States
are made by U.S. Water Resource Council (an independent executive
agency of the U.S. Government) with the Cooperation of Bureau of
Economic Analysis (U.S. Dept, of Commerce) and Economic Research
Service (U.S. Dept, of Agriculture).
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of the current high exports are due to

2.3

permanent changes in the demand for U.S.
products. These changes arise because of a

This alternative retains the same high
energy prices (twice the 1974 prices)

larger world population, higher per capita

assumed under Model B.

income, and reduction in world food pro

But in addition,

it assumes agricultural exports will in

duction because of energy and fertilizer

crease substantially over the "normal

shortages.
Table 2.

Projected agricultural exports for 1985 compared with
1975 exports.

Commodity

Unit

1975 Exports3 Normal Exports'3 High Exports'3
1985
1985

30.2
1,316.5
13.4
228.3
1,177.8
598.2

bushels
Barley
bushels
Corn grain
bushels
Oats
bushels
Sorghum grain
bushels
Wheat
Soybeans
bushels
Total grain
& soybeans metric tons
Cotton
bales

2.1

HIGH EXPORTS (MODEL C)

160.0
775.0
950.0

25.0
1,889.0
19.0
270.0
1,179.0
1,125.0

76.7
4.1

118.4
4.2

2 0 . 0

989.0
1 0 . 0

88.7
3. 8

aSource:

USDA [6 ].

^Source:

OBERS E' projections [9].
export" levels by 1985 (Table 2).

THE BASE RUN (MODEL A)

This

alternative reflects further increases
This is the control alternative.

It is

in energy prices and further increases

used for comparison with the other two
alternatives.

in world demand for U.S. agricultural
products.

Model A represents "a nor

mal" long-run adjustment of agricultural
3.

production when no restrictions are im
posed on the availability of energy

and
Changes in energy prices and increased

energy prices remain at their 1974 lev
els.

RESOURCE USE IN AGRICULTURAL
PRODUCTION

agricultural exports would change the

Thus, the base run represents the

behavior of agricultural production un

structure of resource use in agricultural

der somewhat higher energy prices caused

production.

by the energy crisis of 1973-1974.

sources to be effected are land, water,

It

and energy.

also assumes "normal exports" by 1985.

Among the most important re
More cropland will be re

quired for agricultural production in re
2.2

HIGH ENERGY PRICES (MODEL B)

sponse to increased energy prices and ag

This alternative reflects the very like

ricultural exports (Table 3).

ly situation of much higher energy prices

gy prices would lead to a substantial re

in the future.

duction in irrigation farming since the

Under this alternative,

High ener

the cost of energy is assumed to be twice

cost of pumping water is closely related

the base run energy cost.

to energy costs.

Just as in

Thus, a substantial

Model A, the high energy price alterna

shift of agricultural production takes

tive assumes "normal exports" by 1985.

place from irrigated to dry cropland.
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Table 3.

Land, water and energy use in 1985.
Unit

Base Run
Model A

High Energy
Prices
Model B

High Exports
Model C

Dryland used

mil. acres

320.707

329.026

341.988

Irr. land used

mil. acres

22.894

17.905

25.615

343.601
47.421

346.931

367.603

36.890

51.389

Resource

Total land used mil. acres
Water used
mil. acre-ft.
Diesel fuel

bil. gal.

5.377

5.407

5.964

Natural gas

bil. ft. 3

180.060

152.966

400.458

LPG

bil. gal.

Electricity

bil. KWH

Total energy

1 0 1 2

KCAL

.657

.625

.740

12.014

8.915

13.025

292.438

277.354

377.544

Because of yield differentials, this shift

increase in agricultural exports would

requires more than one acre of dry crop

lead to a 7 percent increase in land use,

land for every irrigated acre taken out

an

8

percent increase in water use and a

of production and thus increased overall

29 percent increase in energy use when

land use.

compared to the base run (Model A ) .

High energy prices, therefore, would re

creased irrigation and higher fertilizer

In

duce the production capacity of U.S. agri

applications which result in higher crop

culture.

yields are mostly responsible for the

This reduction would also re

duce U.S. agricultural exports.

small increase in land use.

To the

Thus, U.S.

extent that the world's nutrition is de

agriculture would respond to increased

pendent on U.S. exported commodities, in

export demands by adopting more energy in

creased energy prices would undoubtedly

tensive agricultural technologies.

add to the world's food crisis.

This

would happen despite the much higher ener

In addi

tion to a reduction of irrigated land,

gy prices (double 1974) that are assumed

high energy prices would increase fer

to take place under Model C.

tilizer prices, especially nitrogen fer

The analysis shows that with increased

tilizers.

energy use, U.S. agriculture can expand

High fertilizer prices would

lead to a reduction in their use.

its production capacity.

There

fore, lower crop yields could be expected.

such an expansion would not occur unless
farmers receive a reasonable return for

Doubling of energy prices would reduce
water use substantially (Table 3).

Undoubtedly,

their output.

It

High energy prices and in

would also reduce total energy use in

creased utilization of fertilizers and

agricultural production about 5 percent.

water would clearly mean higher commodity

Most of the reduction in energy use is

prices to both domestic and foreign con

in the form of natural gas and electric

sumers of U.S. agricultural products.

ity.

The first is because of a reduction

4.

in fertilizer use and the second is be

COMMODITY PRICES

High energy prices as well as high exports

cause of a reduction in irrigation.

are expected to increase commodity prices

High exports, presented under Model C,

and therefore food costs.

would require increased utilization of

commodity prices, however, can be expected

land, water, and energy.

The 50 percent

160

Increased

to be much smaller than the increase of

sharp contrast with the relatively small

energy prices because direct and indirect

impact of high energy prices, high exports
accompanied by high energy prices (Model

energy costs make up only a small part
of the final food costs. Commodity
prices, however, are very sensitive to

C) would more than double commodity shadow
prices. From the relatively small impact

agricultural export levels.

of high energy prices (Model B), it is

An example

of this sensitivity, of course, is the

clear that most of the increase in commod

sharp increase in grain prices which oc
curred in 1972 and 1973.

ity shadow prices under Model C is because
of high exports rather than to high ener
gy prices.

Commodity prices derived in the analysis
(Table 4) are not equilibrium market

The possible increase in retail food costs

prices.

because of high energy prices cannot be

These are supply programmed

prices known as shadow prices.

directly imputed from the model.

They

Most of

represent the economic value of marginal

the marketing processes such as transpor

units of a commodity to meet demand re

tation, freezing, and canning are, how

straints.

ever, much more energy-intensive than on-

These prices are expressed in

farm production.

terms of 1972 dollars of onfarm commodity
prices.

For example, the Econo

mic Research Service [3] shows that al
though fuel cost is only

Table 4.

8

percent of the

U.S. commodity average shadow prices (dollar per unit) in
1985
Base Run
Model A

High Energy
Prices
Model B

High Exports
Model C

Commodity

Unit

Corn grain

bushel

.94

1.07

2.17

Sorghum grain

bushel

1.07

Barley

bushel

.90
1.19

2.44
2.62

Oats
Wheat

bushel
bushel

Soybeans

bushel

Hay

ton

Silage
Cotton

ton
pound

Sugarbeets

ton

Total commodity
costs
Model A = 100

1.31
1.64
3.73

2.52
4.12
7.52

29.66

34.39

56.38

7.37
.27

8.28
.30

13.99
.41

15.23

16.37

20.34

112.62

216.24

.94
1.45
3.17

1 0 0 . 0 0

1 . 0 1

'

The impact of doubling energy prices

total onfarm grain production costs, fuel

(Model B) is to increase these commodity

cost accounts for 24 percent of the pro

prices on the average of 13 percent.

cessing and distribution costs of grain.

This includes the direct impact of higher

If the energy crisis is not limited to on-

fuel costs and some indirect impacts of

farm production, as it can be safely as

high energy prices on fertilizer, pesti

sumed, then retail food cost increases

cide, and transportation costs.

would be at least as large or larger than
.c
indicated in Table 4.

In a
161

5.

THE ROLE OF AGRICULTURAL EXPORTS

agricultural exports under high export

Despite the sharp increase in the value

alternative (Model C) more than tripled

of energy imports since 1971, the United

from the base run.

States has managed to substantially im

cause of both larger quantities of ex

prove its balance of payments.

ports and commodity prices.

The

United States had a $10 billion deficit

Table 5.

in 1970, a record $30 billion deficit in
1971, and again a $10 billion deficit in
1972.

However, it ended 1973 with a

Changes in agricultural exports
in 1985

Commodity

'

foreign trade surplus of more than $5
billion [1],

The increase is be

Base
Run
Model A

High
Energy
Prices
Model B

High
Exports
Model C

Agricultural exports led
Corn grain
Sorghum grain
Barley
Oats
Wheat
Soybeans
Cotton
U.S. total

the way in improving the U.S. balance of
payments situation.

Although agricultur

al exports were only 25 percent of total
U.S. exports in 1973, they accounted for
nearly 40 percent of the export increases
in that year [1].

1 0 0 . 0 0

113.76
118.75
108.33

1 0 0 . 0 0

1 1 1 . 1 1

1 0 0 . 0 0
1 0 0 . 0 0

1 0 0 . 0 0
1 0 0 . 0 0
1 0 0 . 0 0
1 0 0 . 0 0

113.08
117.66
109.94
115.45

440.08
457.64
275.00
533.33
432.21
280.88
157.04
329.44

The U.S. economy bene

fits greatly from expanding agricultural
exports.

High agricultural exports in

6

.

CONCLUSIONS

crease employment both on and off the

Some people question the justification of

farm; increase the use of farm inputs

increased agricultural exports.

such as fertilizer, machinery, and other

ence of the last few years has shown that

material; and thus help other industries.

even the President of the United States

Exports are extremely important for in

can get involved in the matter.

land and sea transportation and provide

tural export embargos have become a hot

for more efficient use of railroads,

political issue debated by presidential

waterways, and U.S. ports.

and vice presidential candidates during

In sum, the

Experi

Agricul

total benefits of high agricultural ex

the current election campaign.

ports are many times larger than their

no doubt that high agricultural exports

There is

benefits for farmers alone.

tend to increase domestic food prices,

The changes in the value of agricultural

especially when grain is in short supply.

exports under high energy prices and high

But it should be indicated that such ag

exports are presented in Table 5.

expected, changes in the value of agri

ricultural exports help the United States
pay for its ever increasing imports of

cultural exports because of high energy

petroleum.

prices are closely related to changes in

Almost three years have past since the

commodity prices (Table 4).

initiation of "Project Independence."

As

The fact

that export increases are larger than

In these three years we have managed to

commodity price increases can be explained

get further away from energy independence.

by the fact that the export commodity mix
is different than the mix of commodities

In the first part of 1976 the United
States crude oil imports were running at

consumed domestically.

the average rate of 4.9 million barrels

The value of

162

per day compared to an average rate of
only 3.2 million barrels per day for 1973
[4].*

Today, there is little doubt that

energy independence would not be materi
alized before 1990 and maybe even later.
Thus, for the near future, we must look
toward ways of financing our energy
needs.

With the possibility of higher

oil prices, the United States would be
forced to spend more and more money on
oil.imports.
Agricultural exports provide a major
means for financing our oil imports.
Our study shows that with a 29 percent
increased energy use for agricultural
production we can increase exports by
more than 50 percent.

The value of

those additional agricultural exports
is many times higher than the additional
value of the energy required.

Increased

agricultural exports would also help to
solve the current world food situation.
The severe drought in Europe this year
can be expected to raise European pur
chase of grain from abroad, much of which
comes from the United States.

In short,

today's agriculture is our major source
for food and fiber.

But to a large de

gree agricultural exports make our ener
gy imports possible.

*The Federal Energy Administration has estimated record oil imports
of 5.6 million barrels per day for the third quarter of 1976 [4].
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